According to the braneworld model of gravity by Dvali, Gabadadze and Porrati, our Universe is a four-dimensional space-time brane embedded in a larger, infinite five-dimensional bulk space. Contrary to the other forces constrained to remain on the brane, gravity is able to explore the entire bulk getting substantially modified at large distances. This model has not only cosmological consequences allowing to explain the observed acceleration of the expansion of our Universe without resorting to the concept of dark energy, but makes also testable predictions at small scales. Interestingly, such local effects can yield information on the global properties of the Universe and on the kind of expansion currently ongoing. Indeed, among such predictions there are extra precessions of the perihelia and the mean longitudes of the planetary orbits which are affected by a twofold degeneration sign: one sign refers to a Friedmann-Lemaître-Robertson-Walker phase while the opposite sign is for a self-sccelerated phase. In this paper we report on recent observations of planetary motions in the Solar System which are compatible with the existence of a fifth dimension as predicted in the Dvali-Gabadadze-Porrati model with a self-accelerated cosmological phase, although the errors are still large. The Friedmann-Lemaître-Robertson-Walker phase is, instead, ruled out.
Introduction
In the Dvali-Gabadadze-Porrati (DGP) braneworld scenario [1] our Universe is a (3+1) spacetime brane embedded in a five-dimensional Minkowskian bulk. All the particles and fields of our experience are constrained to remain on the brane apart from gravity which is free to explore the empty bulk. Beyond a certain threshold r 0 , which is a free-parameter of the theory and is fixed by observations to ∼ 5 Gigaparsec, gravity experiences strong modifications with respect to the usual four-dimensional Newton-Einstein picture: they allow to explain the observed acceleration of the expansion of the Universe without resorting to the concept of dark energy. For a recent review of the phenomenology of DGP cosmologies see [2] . A striking feature of DGP model is that it makes also definite predictions concerning effects not yet observed which would take place at a local scale. Indeed, Lue and Starkman [3] showed that the longitude of pericentre ̟ of a test particle freely orbiting a central body of mass M undergoes a secular precession of ∓5×10 −4 arcseconds per century ( ′′ cy −1 ). Iorio [4] showed that also the mean longitude λ is affected by a larger secular precession of ±1.2 × 10 −3 ′′ cy −1 and that all such effects are independent of the geometrical features of the orbits, apart from second-order terms in the eccentricities e. The lower sign is related to the self-accelerated phase of the Universe, while the upper sign is related to the Friedmann-Lemaître-Robertson-Walker (FLRW) phase. Thus, from local measurements it would be possible to obtain information on the global properties of our Universe and reveal the existence of a fifth spatial dimension revolutionizing our entire picture of gravity.
In [5, 6] it has been shown that the ideal scenario for performing such crucial tests is represented by the inner part of the Solar System in view of the recent improvements in the ephemerides generation field [7, 8] . In particular, in [6] it has been showed that the recently observed secular increase of the Astronomical Unit [9, 10] can be accommodated by DGP model in the self-accelerated cosmological version.
Here we show that the predicted Lue-Starkman precessions, with the plus sign corresponding to the self-accelerated phase, are compatible with the extra-perihelion advances of the inner planets of the Solar System recently determined by Pitjeva [8] which, on the other hand, exclude the FLRW phase. Before straightforwardly using them to infere some conclusions about the Lue-Starkman precessions, the following cautionary considerations must be done. The general relativistic gravitomagnetic force of the Sun, which is proportional to its proper angular momentum S, induces the Lense-Thirring precessions of the longitude of the ascending
node Ω and the argument of perihelion ω. As a consequence, the longitude of perihelion is affected by the precession̟
where G, c, i, a are the Newtonian gravitational constant, the speed of light in vacuum, the inclination and the semimajor axis, respectively. By assuming S = (190.0 ± 1.5) × 10 39 kg m 2 s −1 [16] , the Lense-Thirring precessions for the longitudes of perihelia of the inner planets amount to 10 −3 − 10 −5 ′′ cy −1 , as showed in Table 2 . As can be noted, they are larger or almost equal to the Lue-Starkman precessions, apart from Mars.
Another source of systematic bias is represented by the precessions induced by solar oblateness J 2̟
where R is the solar mean equatorial radius and n = GM/a 3 is the Keplerian mean motion.
Their nominal magnitudes are listed in Table 3 by using the reference value J 2 = 2 × 10 −7 used in EPM2004. Recent determinations of J 2 from helioseismology [17, 18] suggest that this important astrophysical parameter is presently known with a some percent level of accuracy.
However, a conservative ∼ 10% uncertainty will be considered here. Thus, the mismodelled part of the precessions of Table 3 , which do affect the determined precessions of Table 1 , whould seriously alias the recovery of the Lue-Starkman effect.
Another potentially aliasing effect is represented by the general relativistic gravitoelectric precessions among which those induced by the Sun are the most relevanṫ
Their nominal values are listed in Table 4 . However, as already explained, the general relativistic gravitoelectric forces were included in the dynamical force models of EPM2004 used for the particular solution of Table 1 with β = γ = 1. Their observational uncertainty amount, up to now, to 10 −4 − 10 −5 [8, 21] , but departures from unity are expected only at a 10 −6 − 10 −7 level [22] , so that we can safely neglect the impact of possible deviations from the values of Table 4 in the total error budget.
The aliasing due to the Lense-Thirring effect and J 2 can be completely avoided by suitably combining the perihelia of three planets in order to solve for the Lue-Starkman effect independently of the other two unwanted features of motion, according to a strategy already used in the Lense-Thirring tests with the Earth LAGEOS satellites [19, 20] . The result iṡ
with
The coefficients of eq. (5), which depend on the orbital parameters of the involved planets, make the combination of eq.(4) independent both of the Lense-Thirring effect and of the solar oblateness, whatever the real values of S and J 2 are, as can be checked by direct calculation with the results of Table 2 and Table 3 . The Lue-Starkman precessions, combined according to eq.(4), yield a total effect of ∓0.0702 ′′ cy −1 . The determined extra-precessions of Table 1 yields a total combined effect of +0.0348 ′′ cy −1 . A conservative estimate of the error, evaluated with the figures of Table 1 , yields δ̟ Mercury + c 1 δ̟ Earth + c 2 δ̟ Mars = 0.0829 ′′ cy −1 . As a consequence, the minus sign in the Lue-Starkman rates is ruled out, while the Lue-Starkman total precession with the plus sign is compatible with the observations. Note also that the ratio of the difference between the predicted and the determined effects to the predicted effect amounts to 0.5 for the plus sign and 1.5 for the minus sign. Moreover, the ratio of the difference between the predicted and the determined effects to the error is 0.4 for the plus sign and 1.3 for the minus sign. This analysis represents an amelioration with respect to that presented in [6] where the single perihelia were considered and the Lense-Thirring effect, assumed to be existing, was subtracted from the determined rates.
The precision of such test will increase in the near-mid future when more data collected will be processed and, especially, when the ranging data to the spacecraft BepiColombo, Venus Express and Messenger will be available. Indeed, the major limitations to the radar ranging technique are represented by the unknown topology of the planets' surfaces on which the electromagnetic waves are reflected [23] , and by the impact of the solar corona [7] . The first problem will be overcome ranging to the probes orbiting the planets instead of planets themselves. The second problem can be fully resolved by implementing the interplanetary laser-ranging [24] . The particular radiotechnical apparatus of BepiColombo, based on the use of multiple frequency and larger modulation bandwidths, will greatly reduce such source of systematic bias [25] allowing for a 20-30 cm accuracy in ranging and 3 × 10 −4 cm s −1 for range rate (at 1000-10,000 s integration time).
Conclusions
In this paper we have shown that the post-Einsteinian Lue-Starkman perihelion precessions, Unit. The errors are still large, but they will be reduced in the near future when more data will be processed, especially those from the spacecraft to the inner planets like Messenger, BepiColombo and VenusExpress.
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